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95 (57) Abstract: A telecommunications system (200), base station system (250) and method are provided that are capable of effec- 
^ Uvely distributing a multicast signal to at least one of a pluraHty of base transceiver stations (280). More specifically, the base station 
^ system (250) includes a phiraHty of base transceiver stations (280), a radio network server (270), an Internet Protocol gateway (260). 
^ and Internet Protocol networic (290). The Internet Protocol network (290) includes a plurality of routers (292) which are capable of 
O utilizing a multicast address within a signal to direct the call towards one of the base ttansceiver stations (280) and is also capable of 
^ utilizing the multicast address within the signal to make and direct a copy of the signal towards another one of the base transceiver 
^ stations (280). 
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APPARATUS AND METHOD FOR DISTRIBUTING 
A SIGNAL TO SEVERAL BASE TRANSCEIVER STATIONS 

CROSS REFERENCE TO RELATED APPLICATION 

5 This patent application is related to U.S. Patent Application entitled "Base 

Station System Architecture" (Attorney 'sDocket No. 34648-0043 1 USPT), which was 
filed on January 31, 2000 and is hereby incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

Technical Field of the Invention 
1 0 The present invention generally relates to the wireless telecommunications field 

and, in particular, to an apparatus and method capable of distributing a multicast signal 
to at least two of a plurality of base transceiver stations. 

Description of Related Art 

In the wireless telecommunications field, one of the most significant design 
15 challenges involves the development of a new base station system (BSS) that can 

improve how a signal is distributed to several base transceiver stations (BTSs). There 
are several situations where the same signal would need to be distributed to muhiple 
BTSs. These situations can include, for example, a group call, a soft handover, a hard 
handover or message distribution. 
20 A drawback of the traditional BSS is that a large load is placed on a single base 

station controller (BSC) to send the same signal in parallel over dedicated transmission 
links to multiple BTSs. Moreover, the transmission load on the dedicated transmission 
links can be more problematic than the load on the BSC. An example of the traditional 
BSS incorporated vwthin a telecommunications system is briefly discussed below with 
25 respect to FIGURE 1 . 

Referring to FIGURE 1, there is illustrated a block diagram of a traditional 
telecommunications system 100 incorporating a traditional BSS 150. The general 
architecture of the traditional telecommunications system 100 is well known and 
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includes a circuit switched network 110, a packet switched network 120 and a 
traditional BSS 150. 

The circuit switched network 1 1 0 includes at least one land-based terminal 1 02 
(only one shown) which can initiate or receive a circuit switched call that is transmitted 
from or to the traditional BSS 150 through a Public Switch Telephone 
Network/Integrated Services Digital Network (PSTN/ISDN) network 104 and a 
mobile switching center (MSC) 1 06 via an open interface, the A-interface. The circuit 
switched network 1 10 also includes the PSTN/ISPN network 104 and the MSC 106. 

The packet switched network 120 includes at least one Internet host 122 (only 
one shown) which can initiate or receive packet switched data that is transmitted from 
or to the traditional BSS 150 through an Internet network 124, a gateway GPRS 
support node (GGSN) 126 and a serving general packet radio service support node 
(SGSN) 128 via another open interface, the Gb interface. The packet switched 
network 120 also includes the Internet network 124, the GGSN 126 and the SGSN 
128. 

The traditional BSS 150 when configured according to the Global System for 
Mobile Communication (GSM) standard contains two types of logical nodes, the base 
station controller (BSC) 152 and the BTS 154 (only three shown). The BSC 152 
operates to manage the BTSs 1 54 which communicate with mobile terminals 1 56 via 
a radio interface. In addition, the BSC 152 can function as a central downlink 
distributor to distribute a signal to several BTSs 1 54, and can also function as an uplink 
bridge to distribute a signal to the circuit switched network 1 1 0 and/or packet switched 
network 1 20. The BTSs 1 54 are located at different positions within the coverage area 
of the traditional BSS 150, and each BTS 154 uses a dedicated transmission link 158 
to connect to the BSC 152. These dedicated transmission links 158 can have different 
lengths depending on the positions of the BTSs 1 54 with respect to the position of the 
BSC 1 52. The use of dedicated transmission links 158 can be problematic due to the 
large load placed on them and the large load placed on the BSC 152 to distribute the 
same signal over multiple transmission links 158 to multiple BTSs 154. Therefore, 
there is a need for a new type of BSS and method that addresses the aforementioned 
distribution and loading problems associated with the traditional BSS. 
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BRIEF DESCRIPTION OF THE INVENTION 

The present invention addresses the deficiencies of the prior art by introducing 
an Internet Protocol (IP) network into the architecture of a BSS which enables a more 
effective way to distribute a signal to several BTSs. More specifically, the BSS of the 
present invention incorporates an IP network that includes a plurality of routers which 
are capable of utilizing a multicast address within a signal to direct that signal towards 
one of the BTSs, and are also capable of utilizing the multicast address within the signal 
to make and direct copies of the signal towards other BTSs. In other words, the 
routers are responsible for performing the distribution function that used to be 
performed solely by the traditional BSC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the method and apparatus of the present 
invention may be had by reference to the following detailed description when taken in 
conjunction with the accompanying drav^ngs wherein: 

FIGURE 1, prior art, is a block diagram illustrating a traditional 
telecommunications system incorporating a traditional base station system; 

FIGURE 2 is a block diagram illustrating a telecommunications system 
incorporating a base station system of the present invention; 

FIGURE 3 is a flowchart illustrating the basic steps of a preferred method of 
20 the present invention, 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to the Drawings, wherein like numerals represent like parts 
throughout FIGURES 2-3, there are disclosed an exemplary telecommunications 
system 200, an exemplary BSS 250 and a preferred method 300 in accordance with the 

25 present invention. 

Although the BSS 250 is described with reference to a telecommunications 
system 200 configured according to the GSM standard, it should be understood that 
the BSS 250 can be incorporated within any type of telecommunications system. 



5 



10 
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Accordingly, the telecommunications system 200, the BSS 250 and the preferred 
method 300 described should not be construed in a limited manner. 

Referring to FIGURE 2, there is a block diagram illustrating a 
telecommunications system 200 incorporating a BSS 250 of the present invention. 
Certain details associated with the telecommunications system 200 are known in the 
industry and as such need not be described herein. Therefore, for clarity, the 
description provided below in relation to the telecommunications system 200 omits 
some components not necessary to understand the invention. 

The telecommunications system 200 can include a circuit switched network 
1 1 0, a packet switched network 1 20 and a BSS 250, The circuit switched network 1 1 0 
includes at least one land-based terminal 102 (only one shown) which can initiate or 
receive a circuit switched call that is transmitted from or to the BSS 250 through a 
PSTN/ISDN network 104 and a mobile switching center (MSG) 106 via an open 
interface, the A-interface. 

The packet switched network 120 includes at least one Internet host 1 22 (only 
one shown) which can initiate or receive packet switched data that is transmitted from 
or to the BSS 250 through an Internet network 124, a gateway GPRS support node 
(GGSN) 126 and a serving general packet radio service support node (SGSN) 128 via 
another open interface, the Gb interface. 

The BSS 250 includes an IP gateway 260, a radio network server (RNS) 270 
and multiple BTSs 280 all of which are coupled to an IP network 290. This 
configuration of the BSS 250 is hereinafter referred as an IP based BSS 250. The IP 
gateway 260 (e.g., interface unit) includes a signaling terminal #7 (ST7) 262 used to 
convert between the IP based transmissions used within the IP network 290 and the 
circuit switched transmissions used within the circuit switched network 110. The IP 
gateway 260 also includes at least one packet switched gateway (PS-GW) 264 used to 
convert between the IP based transmissions used with the IP network 290 and the 
packet switched transmissions used within the packet switched network 120. In 
addition, the IP gateway 260 includes an uplink bridge 266 that is described in greater 
detail below. 
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The RNS 270 manages the IP network 290, the IP gateway 260 and the BTSs 
280 to provide telecommunication services to mobile terminals 298 via another 
interface, the radio air interface. Each mobile terminal 298, which is similar if not the 
same as mobile terminals 1 56, can communicate with one or more of the BTSs 280 that 
are located in different locations throughout the coverage area of the IP based ESS 



The IP network 290 includes a plurality of routers 292 (e.g., switches) that are 
located at different locations throughout the coverage area of the IP based ESS 250. 
These routers 292 can be connected to one another in virtually any configuration, see 
FIGURE 2 for an illustrative example. As shown, the routers 292 can be located near 
the IP gateway 260 and RNS server 270 (see router 1 ), near the BTSs 280 (see router 
2), or at a location somewhere between the BTSs 280 and the IP gateway 260 and 
RNS server 270 (see router 3). Transmission links 294 are used to coimect the routers 
292, the BTSs 280, the IP Gateway 260 and the RNS 270 to one another. 
1 . As described-above in the Description of Related Art Section, a 

drawback of the traditional BSS 1 50 is that a large load is placed on the BSC 
152 (e.g., central distributing bridge) to send the same signal in parallel over 
several dedicated transmission links 156 to multiple BTSs 154. In addition, 
there is a large transmission load placed on the dedicated transmission links 1 56 
which can be more problematic than the load placed on the BSC 1 52. The IP 
based BSS 250 of the present invention addresses these drawbacks by 
effectively using the IP network 290 and its routers 292 to distribute a signal 
to several BTSs 280. The fact that the routers 292 can be located closer to the 
BTSs 280 than the traditional BSC 152 is also an advantage of the present 
invention. Again, there are several situations where the same signal would need 
to be distributed to several BTSs 280. These situations include, for example, 
a group call, a soft handover, a hard handover and a message distribution all of 
which are described in greater detail below after describing how to initialize the 
IP based BSS 250 to distribute multicast signals. 

The IP based BSS 250 of the present invention is capable of supporting an IP 
protocol which enables a sending source to address several destinations using one 



250. 
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address in a packet address field of a signal (e g., Multicast transmission or Point-to- 
Multipoint transmission). The sending source and these multiple destinations can be 
any of the devices in the telecommunications network 200 including the land-based 
terminal 202, the Internet host 222, the mobile terminals 298 or the BTSs 280. 
5 Each router 292 is capable of using the single address (e.g., multicast address) 

in the signal sent from the sending source to direct that signal or a copy of that signal 
towards the appropriate BTSs 280 and/or IP Gateway 260. In other words, the routers 
292 along the way between the sending source and the multiple destinations operate 
to copy and distribute the signal packets when different destinations are reached over 
10 different transmission Unks 294. To accomplish this, multicast routing tables 293 in 

each of the routers 292 should be updated to contain all the destinations for a particular 
group. Preferably, the multicast routing tables 293 should be updated prior to the 
sending source transmitting the multicast signal because it can be more difficult to 
update the multicast routing tables 293 during real time. 
15 The multicast routing tables 293 can be updated by using an IP multicasting 

function which is initiated by sending messages to every multicast group member to 
inform them that they are going to be members of a specific multicast group. In this 
case the multicast group members are a group of BTSs 280. These BTSs 280 forward 
the message to the router 292 (see router 2) in the BTS (for clarity only one router 292 
20 is shown to be connected to the BTS 280). When the router 292 inside the BTS 280 

receives this message it sends a Membership Report Message including the multicast 
address to all its neighboring router(s) 292 which include the new multicast address in 
their muUicast routing tables 293. Additionally, the router 292 forwards the 
Membership Report Message upstream for doing the corresponding update of routing 
25 tables 293 in other routers 292. In this way a multicast group member subscribes on 

IP messages directed to a specific group. 

Thereafter, when the sending source (e.g., land-based terminal 202) wants to 
send a message to a group of mobile terminals 298 using BTSs 280 (e.g., BTS 1 and 
BTS 2) it only needs to send one message to the nearest router 292 (e.g., router 1). 
30 This router 292 (e.g., router 1 ) looks in the routing table 293 and forwards the message 

or a copy of the message to all downstream interfaces and then to the members of the 
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group. This procedure is repeated in next router 292 (e.g., router 3) and so on until 
all member routers 292 are reached. These routers 292 (e.g., routers 1 and 3) then 
deliver the message to its hosts in the BTSs 280 (e.g., BTS 1 and BTS 2). Of course, 
this scenario assumes that all members of the group are mobile stations 298. It should 

5 be understood that a BTS can be member of several muhicast groups simuhaneously , 

which indicates that different mobile services requiring groups composed in different 
ways can be in use simultaneously. 

It should be understood that the multicast routing tables 293 can be managed 
and updated by a separate part of the IP protocol known as, for example, the Internet 

10 Group Management Protocol (IGMP). The IGMP is made fornetworks built according 

to a tree topology, which fits well for usage in the telecommunications system 200. 
Details about message layout, element coding, routing table maintenance, etc. can be 
found in the IGMP specifications of the IP protocol. However, since the IGMP is 
specified for a tree formed network structure it supports multicast downstream only. 

15 Thus, if a mobile terminal 298 desires to send a signal to other mobile terminals 298 

then the data stream may be sent to a central point (i.e., bridge 246) and firom this point 
be distributed with multicast to all group members. As such, the central point could 
be considered the sending source for the multicast data stream. 

The particular situation (e.g., group call, soft handover, hard handover or 

20 message distribution) in which the multicast signal is to be distributed within the 

telecommunications system 200 has an effect on how the multicast routing tables 293 
are prepared in the routers 292. Each of these situations are described in greater detail 
as follows: 

• When a group call (e.g., conference call) function is desired, then all 
25 destinations (e.g., BTSs 280) where the members of the group are 

expected to be located should be represented in a multicast address in 
the muhicast routing tables 293. Group call means that several mobile 
stations 298 (for example) can be connected to the same call (see, e.g., 
the Voice Broadcast Service (VBS) and Voice Group Call Service 
30 (VGCS) of the GSM). Of course, members of the group can be 

distributed over big areas covered by many BTSs 280. 
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It should be understood that the BTS 280 of the sending source 
is also member of the group and will receive a copy of IP packets it has 
sent and relay them back to the sending source (e.g., mobile station) 
and the other mobile stations in that particular cell. One possibility to 
handle this circumstance is in the mobile station 298, which always is 
aware when sending is ongoing or not, and the sending mobile station 
298 can drop returned packets. 

When the reason is soft handover, every cluster of cells (e.g., BTSs 
280) expected to cover common points in the network are represented 
by a multicast address in the multicast routing table 293 . Soft handover 
means that a downlink speech signal is distributed to two or more BTSs 
280, which all send the speech signal to a particular mobile station 298. 
This particular mobile station 298 selects the signal that gives the best 
quality, or combines the signals. Thereafter, all the connected BTSs 
280 receive the signal from the particular mobile station 298 and 
forward the signal uplink. These forwarded signals are combined in a 
router 292 and/or uplink bridge 264 which selects one of the forwarded 
signals or combines them before forwarding uplink. Soft handover is 
commonly used in Code Division Multiple Access (CDMA) systems. 

When the reason is to shorten the break at hard handover, then every 
neighboring BTS relation is represented in a multicast address within 
the multicast routing tables 293. Hard handover means that a mobile 
call is switched from one BTS 280 to another BTS. The new BTS 280 
is prepared in advance so it has resources to take care of the call, then 
the mobile station 298 is ordered to change to the new BTS 280. To 
do this, the call is disconnected from the first BTS 280 when the new 
connection is established. Hard handover like this is used in most 
Public Land Mobile Networks (PLMN) networks of today. 
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At a hard handover the change of base station must be as fast 
as possible to minimize the interruption in the call. In the downlink 
direction, the break is typically minimized by distributing the multicast 
signal in parallel to both of the BTSs 280. In the uplink direction, the 
5 uplink bridge 264 (e.g., fast switch) is used which can be located in 

either an ordinary switch or in a transcoder at the IP Gateway 260. 

When messages have to be distributed, for example paging or time 
information messages, then the multicast routing tables 293 are 
prepared to include all BTSs 280 in the area where the message is to be 
10 sent. For instance, timing information sent from a central clock (not 

shown) in this way can be used for different purposes such as for 
frequency synchronization of carriers. 
There are several advantages for using the IP multicasting function in the IP 
based BSS 250 of the present invention as compared to the traditional BSS 1 50. For 
15 instance, the uplink and downlink directions are independent when using IP based 

transmissions. This is not the case in a circuit switched transmission system of the 
traditional BSS 1 50 where the same bandwidth is normally allocated in both the uplink 
and downlink directions. The use of the same bandwidth in both directions means that 
the particular direction requiring the most bandwidth is dimensioned accordingly and 
20 any unused bandwidth in the other direction is not available for other users or 

applications. Also, during short pauses in a speech call, the bandwidth is kept allocated 
and is accordingly not used at all. 

However, when using IP multicast where the uplink and downlink directions 
are independent to one another, there is a beneficial transmission gain. First, the 
25 multicasting function saves additional bandwidth because it is not necessary to send the 

same information in parallel on the same link. Secondly, if multicast is not used at 
message distribution a burst of equal messages have to be sent in serial from the source 
(see FIGURE I). This will cause a temporary high load on the links. As the link is 
used also for other types of messages, these messages have to compete with the 
30 message burst, which probably increases the jitter on the link. This is serious when 
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time critical traffic, for example speech, has to compete with the bursts. Of course, the 
present invention utilizes the advantageous multicast function to help address this 
loading problem. 

Referring to FIGURE 3, there is a flowchart illustrating the basic steps of a 

5 preferred method 300 for distributing a multicast signal to at least one of a plurality of 

BSSs 280. Beginning at step 302, the IP network 290 and routers 292 are prepared 
to distribute the signal prior to the sending source actually sending the signal. This 
preparation includes the updating of the multicast routing tables 293 within the routers 
290 to include the addresses for all the different groups that can be used in a group call, 

1 0 soft handover, hard handover and/or message distribution (for example). At step 304, 

the IP based ESS 250 receives the multicast signal from the sending source. Then at 
step 306, the IP based BSS 250 converts the received signal to an Internet Protocol 
based transmission if it is not already an Internet Protocol based transmission. Lastly 
at step 308, the IP based BSS 250 routes the signal or a copy of the signal towards 

1 5 each BTS 280 (and destination) that was indicated by the muhicast signal. How this 

multicast signal is actually routed was described above with respect to FIGURE 2. 

From the foregoing, it can be readily appreciated by those skilled in the art that 
the present invention addresses the deficiencies of the prior art by providing a base 
station system and method that uses an IP network and Multicasting function to 

20 effectively distribute a call to several base station transceivers. 

Although one embodiment of the present invention has been illustrated in the 
accompanying Drawings and described in the foregoing Detailed Description, it will be 
understood that the invention is not limited to the embodiment disclosed, but is capable 
of numerous rearrangements, modifications and substitutions without departing from 
the spirit of the invention as set forth and defined by the following claims. 
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WHAT IS CLAIMED li;: 

1 . A telecommunications system comprising: 

a base station system capable of receiving a multicast signal from a 
sending source, said base station system includes: 

a plurality of base transceiver stations; 
a server; 

an interface unit; and 

a packet switched network operatively coupled to said plurality of base 
transceiver stations, said server and said interface unit, wherein said packet switched 
network includes a plurality of routers which are capable of using the multicast signal 
to direct the multicast signal or a copy of the multicast signal towards at least one of 
the plurality of base transceiver stations. 

2. The telecommunications system of Claim 1 , wherein the router located 
on a transmission link between the sending source and one of the at least one base 
transceiver station is capable of directing the copy of the multicast signal on another 
transmission link towards another one of the at least one base transceiver station. 

3. The telecommunications system of Claim 1, wherein the plurality of 
routers are positioned at various locations throughout said packet switched network. 

4. The telecommunications system of Claim 1, wherein said base station 
system is an Internet Protocol based Base Station System. 

5. The telecommunications system of Claim 1 , wherein the muhicast signal 
is an downlink signal. 
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6. The telecommunications system of Claim 1 , wherein the sending source 
uses the multicast signal to indicate which of the plurality of base transceiver stations 
are to participate in a group call. 

5 7. The telecommunications system of Claim 1 , wherein the sending source 

uses the multicast signal to indicate which of the plurality of base transceiver stations 
are to participate in a handover. 

8. The telecommunications system of Claim 1 , wherein the sending source 
10 uses the multicast signal to indicate which of the plurality of base transceiver stations 

are to participate in distributing a message. 

9. A base station system comprising: 

a plurality of base transceiver stations; 
15 a radio network server; 

an Internet Protocol gateway; and 

an Internet Protocol network operatively coupled to said plurality of 
base transceiver stations, said radio network server and said Internet Protocol gateway, 
wherein said Internet Protocol network includes a plurality of routers which are capable 
20 of utilizing a multicast address within a signal received from a sending source to direct 

the signal towards one of the plurality of base transceiver stations, and are further 
capable of utilizing the multicast address within the signal to direct a copy of the signal 
towards another one of the plurality of base transceiver stations. 

25 10. The base station system of Claim 9, wherein the sending source uses the 

multicast address in the signal to indicate which of the plurality of base transceiver 
stations are to participate in a group call. 



30 



1 1 . The base station system of Claim 9, wherein the sending source uses the 
multicast address in the signal to indicate which of the plurality of base transceiver 
stations are to participate in a handover. 
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12. The base station system of Claim 9, wherein the sending source uses the 
multicast address in the signal to indicate which of the plurality of base transceiver 
stations are to participate in distributing a message. 

13. The base station system of Claim 9, wherein each router includes a 
multicast routing address table that was updated prior to receiving the signal from the 
sending source. 

14. A method for distributing a muhicast signal to at least one of a plurality 
of base transceiver stations, said method comprising the steps of: 

preparing an Internet Protocol switched network to distribute the 
mukicast signal to the at least one base transceiver station; 

receiving the multicast signal from a sending source; 

converting the received multicast signal to an Internet Protocol based 
transmission if it is not already an Internet Protocol based transmission; and 

routing the multicast signal or a copy of the multicast signal towards the 
at least one base transceiver station. 

1 5 The method of Claim 1 4, wherein said step of preparing further includes 
updating multicast routing tables in routers located at various positions within the 
Internet Protocol network. 

16. The method of Claim 14, wherein said step of routing further includes 
distributing the multicast signal or the copy of the multicast signal towards the at least 
one base transceiver station that is to participate in a group call. 



17. The method of Claim 14, wherein said step of routing further includes 
distributing the muhicast signal or the copy of the multicast signal towards the at least 
one base transceiver station that is to participate in a handover. 
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1 8. The method of Claim 14, wherein said step of routing further includes 
distributing the multicast signal or the copy of the multicast signal towards the at least 
one base transceiver station that is to participate in distributing a message. 

5 19. The method of Claim 14, wherein said steps of preparing, receiving, 

converting and routing are performed within an Internet Protocol based Base Station 
System. 
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